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Abstract. The utilization of green composites by using natural fibres is developed due to their availability, ecological 
benefits, and good properties in mechanical and thermal. One of the potential sources is bamboo that has relative high 
cellulose content. This paper was focused on the preparation of sago starch-based reinforced microfribrillated cellulose of 
bamboo that was assisted by mechanical treatment. Microfibrillated cellulose of bamboo was prepared by isolation of 
cellulose with chemical treatment. Preparation of bamboo microfibrillated cellulose was conducted by homogenizers for 
dispersing bamboo cellulose, i.e. high pressure homogenizer and ultrasonic homogenizer. Experiments were elaborated 
on several variables such as the concentration of bamboo microfibrillated cellulose dispersed in water (1-3 %w) and the 
volume of microfibrillated cellulose (37.5- 75%v). Four %w of sago starch solution was mixed with bamboo 
microfibrillated cellulose and glycerol with plasticizer and citric acid as cross linker. This paper provided the analysis of 
tensile strength as well as SEM for mechanical and morphology properties of the biocomposite. The results showed that 
the preparation of sago starch-based biocomposite reinforced bamboo microfibrillated cellulose by using ultrasonic 
homogenizer yielded the highest tensile strength and well dispersed in the biocomposite. 
INTRODUCTION 
Bamboo as one of a grass plant has a relative high cellulose content [1]. Bamboo has higher ecological 
advantage compared to other cellulosic crops. In addition, the abundant numbers of bamboo are available in 
Indonesia, which are as many as 143 species and spread over 2.1 million hectares [2]. Nowadays, biopolymer has 
been modified physically and chemically to form a thermoplastic for various purposes of utilization. The use of bio-
based materials as composites is a new opportunity for the future in relation with the global issues, such as the 
scarcity of fossil fuels, environmental problem of global warming, toxicity, as well as social and economic 
problems. Furthermore, bio-composites in the form of green composites also have some advantages including their 
biodegradable, renewable, and environmental friendly characteristics. Previous research had been conducted on 
Indonesia bamboo (Dendrocalamus asper) by examining chemical modification that was assisted by supercritical 
CO2 in order to extend the durability by acetylation reaction [3]. Bamboo fibre has higher level of stiffness and 
specific stiffness of epoxy glass. It was reached aproximately 30 GPa [4]. Dendrocalamus asper has a fibre length of 
20.03 mu and a specific gravity of 0.61, thus, it has good mechanical properties comprising of high modulus 
elasticity (stiffness) and high fiber strength among bamboo species in Indonesia [5]. Moreover, the utilization of 
bamboo cellulose was confirmed as a reinforcement agent for several polymer matrixes. 
Tailoring a biocomposite requires another material with a high amount of amylopectin. One of natural resources 
was sago starch. Sago starch consists of approximately 73% amylopectin%. Amylopectin is known as an adjuvant in 
formation of amorphous, smooth, homogeneous, transparent, and defect-free films [6][7]. Indonesia has the largest 
area of sago plantation in the world, approximately 1.2 million hectares [8]. Biocomposite can be produced from 
bamboo fibre and sago starch.  Bamboo fibres can be prepared from microfibrillated cellulose (MFC) and nano-
fibrillated cellulose (NFC). The preparation of fibre from bamboo is commonly carried out by using chemicals 
treatment. 
The objectives of this paper were to develop the utilization of microfibrillated cellulose of bamboo as 
reinforcement of biocomposite and to investigate the performance of sago starch-based biocomposite reinforced 
MFC of bamboo. MFC of bamboo was prepared by the mechanical treatment, i.e. high pressure homogenizer and 
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ultrasonic homogenizer. This paper provided the analysis of tensile strength and SEM for mechanical and 
morphology properties of the product. 
EXPERIMENTAL DETAILS 
Materials 
Bamboo was obtained from an agricultural land in Sragen, Central Java. Sago starch was obtained from the 
commercial market. Potassium hydroxide and citric acid were supplied from Merck, Germany. Aqueous hydrogen 
peroxide (50%) and glycerol were purchased from PT. Brataco.  
Research Location 
This research took place at Advanced Material Laboratory (AMaL), Department of Chemical Engineering, 
Faculty of Engineering, Universitas Diponegoro.  
Methods 
Step of Bamboo Preparation  
Bamboo was previously grinded by using a mini crusher after the clean up by washing it to remove the solid 
impurities. Subsequently, the grounded bamboo was screened until 150 mesh and washed with distilled water. 
Step of  lignocellulose Isolation Using Chemical Treatment  
Bamboo powder was subjected by washing it with hot water to remove impurities. Afterward, bamboo powder 
was extracted with ethanol and toluene to yield the extractives and waxes at a temperature of 110 C for 6 (six) 
hours. The lignin and hemicellulose of bamboo were isolated from the lignocellulose of bamboo by mixing it with 
KOH at a temperature of 80 C for 4 (four) hours. The undissolved cellulose was generated by washing it with 
deionized water. Subsequently, the cellulose was purified to eliminate the phenolic component by using NaOCl and 
H2O2 for bleaching at a temperature of 30 C for 3 (three) hours. The isolated cellulose was washed with deionized 
water until it reached the pH of 7 (neutral) and centrifuged to separate the water residue. The homogenous cellulose 
was mixed with water with the ratio of 1 %w/w, 3 %w/w, and 5 %w/w that was assisted by ultrasonic homogenizer 
and manual high pressure homogenizer to generate MFC solution. 
Step of MFC Preparation Using Ultrasonic and High Pressure Homogenizer 
The cellulose as the product from the previous step was initially prepared with low concentration of suspension 
(1, 3, and 5 %w of bamboo cellulose) and dispersed in water. Subsequently, the suspension was pressed by using 
manual high pressure homogenizer with the average pressure of 50 kg/cm2 at 65 C for about 4 (four) hours.  
For further observation, each of the cellulose product (1, 3, and 5 %w of bamboo cellulose were dispersed in 
water) was also introduced by using ultrasonic homogenizer for 4 (four) hours with the power of 150 watt and the 
frequency of 20 kHz. 
Step of Biocomposite Manufacturing 
Four grams of sago starch was added into 100 ml of water. Subsequently, the sago solution was added by 1.5 
%w of glycerol and a varied concentration of MFC (1, 3, and 5 %w) as much as 0 ml, 2 ml, 4 ml, 8 ml, and 10 ml.  
Afterwards, ultrasonic homogenizer was used to homogenize each of the mixture for 30 minutes. The mixture was 
then heated at a temperature of 90 °C and stirred at 1200 rpm for 15 minutes to avoid the clustering of MFC 
bamboo. After 15 minutes, the temperature was reduced into 65 °C and the mixture was added by 0.7% citric acid as 
cross linker. Subsequently, the mixture was re-stirred for 15 minutes. The next step was execution by casting the 
mixture on the acrylic casting with 0.05 cm in thickness. The product was dried at a temperature of 40 °C for 48 
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hours until it formed a thin biocomposite. The biocomposite was heated and pressed for curing with a hydraulic 
pressure at a temperature of 100 C and pressure of 1 bar for 5 minutes.  
Step of Biocomposite Reinforced MFC Tests 
The performance of sago starch-based biocomposite reinforced microfibrillated cellulose of bamboo (MFC) 
could be analyzed based on tensile strength and SEM for mechanical and morphology properties of the 
biocomposite, respectively. 
RESULTS AND DISCUSSIONS  
In the beginning, preliminary research had been conducted to obtain mechanical property effect of glycerol 
concentration as plasticizer in the sago starch-based biocomposite. The result is showed in Fig. 1(a) that the tensile 
strength of the product reached 2.74 MPa for glycerol maximum of 1.5 % and citric acid of 0.7 %. Afterwards, the 
research was accomplished by observing the concentration of MFC in the product (Fig. 1(b)). The MFC 
concentration was achieved at 21.9 MPa of tensile strength for 5 % for sago starch-based biocomposite without any 
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FIGURE 1. (a) The effect of glycerol to the tensile strength (b) The effect of MFC concentration to the tensile strength. 
 
By using these preliminary results, the research further observed the effect of MFC volume to the tensile 
strength. These results can be seen in Fig.2. It can be concluded that the increase of MFC volume turned the tensile 
of strength. However, 5 % of MFC acquired an optimum volume of 20 % with 1.45 MPa. These experiments had 
been carried out by using high pressure homogenizer to disperse MFC into sago starch-based solution. 
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FIGURE 2. (a) The effect of 1% MFC volume to the tensile strength, (b) The effect of 3% MFC volume to the tensile strength, 




Based on the preliminary result, the use of other mechanical treatment for MFC preparation with high pressure 
homogenizer, i.e. hydraulic high pressure homogenizer of 50 bar and heating up temperature of 65 C, was 
observed. The set-up of this equipment can be seen in Fig.3. 
 
 
FIGURE 3. The experimental set-up of hydraulic high pressure homogenizer. 
 
MFC was used as reinforcing agent for the biocomposite. The biocomposite preparation had been already 
prepared with two different treatments, i.e. mechanical or high pressure and ultrasonic homogenizer. Based on the 
tensile strength analysis as presented in Fig.4, biocomposite reinforced MFC using high pressure homogenizer had a 
lower tensile strength than those of ultrasonic homogenizer for 4 (four) hours. Fig. 4(a) shows that the highest 
tensile strength was obtained by biocomposite using MFC high pressure of 16.9 Mpa with the addition of 50 %v of 
MFC. The biocomposite treated by ultrasonic homogenizer (Fig. 4(b)) resulted a higher tensile strength of 18.25 
MPa in the additional of 37.5 %v of MFC. However, both had the same tendency to have decreased tensile strength 
during increased volume of MFC. It can be concluded based on mechanical analysis that MFC assisted by high 
pressure and ultrasonic homogenizer can improve the treatment of the sago starch-based biocomposite with 5 % of 
MFC concentration.  
Furthermore, effect of mechanical treatments to the product had been confirmed with morphology analysis. 
Figure 5 describes the morphology of both mechanical treatments. Fig 5. (a) confirms that surface morphology of 
biocomposite with high pressure treatment for the MFC formed coalition across grain pattern which was not entirely 
perfect. The presence of holes or pores that were not even in distribution and size can also be identified. In contrast, 
Fig. 5. (b) of biocomposite surface prepared by ultrasonic homogenizer had less pores and the surface seemed 
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FIGURE 4. (a) The effect of biocomposite preparation by high pressure homogenizer to the tensile strength, (b) The effect of 









FIGURE 5. (a) The effect of biocomposite preparation assisted by high pressure homogenizer, (b) The effect of biocomposite 
preparation assisted by ultrasonic homogenizer. 
CONCLUSIONS 
The use of microfibrillated cellulose of bamboo could improve the performance of sago starch-based 
biocomposite based on the tensile strength and the surface morfology. The tensile strength resulted from the 
biocomposites reinforced MFC without plasticizer and cross linker (i.e. glycerol and citric acid) was at 2.8-21.9 
MPa, while the tensile strength of the commercial plastic was obtained at 1.6-12 MPa. The MFC preparation using 
ultrasonic homogenizer obtained the highest tensile srength and more homogenous in surface morfology. The 
performance of the mechanical and morphology properties of biocomposite product can be improved by the 
reinforcement of sago starch-based biocomposite with bamboo MFC. 
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